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X-ray detector with a plurality of detector units 



The invention pertains to a radiation detector, in particular an x-ray detector 

comprising 

- a plurality of detector units arranged in a detection surface, 

- individual detector units including a sensor element and read-out circuit. 

Such a radiation detector is known from the international application 
WO 00/25149. 



The known radiation detector is an x-ray computed tomography detector. The 

10 known radiation detector includes a scintillator which is constructed as a matrix of scintillator 
elements. The individiial detector units of the known radiation detector include a scintillator 
element and a photosensor, which acts as the sensor element. The scintillator converts 
incident radiation into radiation of a lower energy level for which the photosensor is 
sensitive. In particular, monocrystalline or polycrystalline cadmium tungstate or gadolinium 

1 5 oxy-sulfate is used for the scintillator el^ents. The sensor element in the known radiation 
detector is a detector chip that is preferably manufactured using CMOS technology. Hie 
detector imits are arranged in a matrix having rows of detector xmits in the surface that forms 
the detection surface. X-ray absorbing members are arranged as absoiber layers that extend 
vertically relative to the siir&ce of the scintillator. The individual detector units have their 

20 individual amplifiers elements placed directly undemeatii the absorber layers so as to shield 
the individual amplifiers from the incident radiation. Individual detector unit have their 
respective read out circuitry in which the ampUfier of the relevant detector unit forms part. 

Because the amplifier elements must be very accurately aligned with the 
absorber layers, the amphfi^ clients must be very precisely positioned and this involves a 

25 cumbersome step in the manufEicturing process of the known radiation detector. 



An object of the invention is to provide a x-ray detector in which electronic 
circuitry which is sensitive for radiation is shielded and which can be manufactured in a more 
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simple manner. This object is achieved in the x-ray detector according to the invention 
wherein 

- the sensor elements and the read-out circuitry are spatially separated transversely to 
the detection surface and 

- an x-ray shielding member is at least for a part arranged between individual sensor 
elements and individual read-out circuits. 

According to the invention, a separation transverse to the detection surface is 
provided between the sensor elements and the read-out cux;uits and an x-ray shielding 
member is provided in the separation. Hence, at least a radiation sensitive portions of the 
read-out circuit is shielded &om x-radiation. Notably, these radiation sensitive portions 
involve amplifier, sample&hold, capacitors, switches (transistor), or parts of digital logic. In 
particular an amplifier in tiie read-out circuit is protected from x-radiation which is able to 
damage the ampUfier. Notably ,the x-ray shielding member is formed as blade of x-ray 
absorbing material. Materials having a relative high atomic number (Z) are usually suitable x- 
ray absorbing materials; the absorptivity is dependent of the energy of the x-radiation. 
Suitable x-ray absorbing materials are Lead, or Tungsten for shielding and Molybdenum to 
intercept scattered x-rays 

Further aspects of the invention will be elaborated with reference to the 
embodiments as defined in the dependent Claims. 

In a preferred embodiment of the x-ray detector of the invention, the sensor 
element and the read-out circuit of mdividual detector units are formed as a monoblock 
integrated circuit which is shaped such as to provide the separation between the sensor 
element and the read-out circuit which accommodates the x-ray shieldmg member. 

In another preferred embodimOTt of the x-ray detector of the invention an 
interruption is left open in the x-ray shielding member which allows a signal connection to 
pass between the sensor element and the read-out cuxuit of the detector unit at issue. The 
signal connection may be formed as part of the monoblock mtegrated circuit of the detector 
unit. As an alternative, the detector unit conoprises separate sensor elements and read-out 
circuit. Then the signal connection is made by a wire connection through the intermption. For 
example, intermptions are left open m the x-ray absorbing sheet or layer through which tfie 
signal connections are fed through between smsor elements and read-out circuits for 
respective detector units. 

In a further preferred embodiment of the x-ray detector of the invention, 
several detection units share a common x-ray shielding member. For example this common 
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X-ray shielding member is formed as an x-ray absorbing sheet or layer accommodated in the 
separation between the sensor elements and the read-out circuits. One conunon x-ray 
shielding may be provided for essentially all detector units. Alternatively, a small nimiber of 
common x-ray shielding members may be employed, where respective common x-ray 
shielding members are provided for groups of detector units. The use of one or a few 
common x-ray shielding members makes it more easy to build up the x-ray detector of the 
invention. For a CT-detector having several rows of detector units preferably respective x-xay 
shielding members are provided for individual rows of detector units. For a detector matrix 
having a plurality of rows and columns of detector units, respective shielding members are 
provided for example for individual quadrants of the detector matrix. The detector matrix is 
particularly suitable for acquiring an x-ray shadow image. 

Preferably large detectors are built up of many modules with a common 
shielding for the electronic. At the same time it is possible to have interconnections in the 
transverse direction, i.e. transversely to the detection sxirface, to provide the detector and 
electronic circuits with all needed signals. 

Advantageously, transverse absorption imits are provided which extend 
transversely to the detection plane. These transverse absorption units are placed between 
adjacent detector units. Hence, the read-circuits are shielded from scattered x-rays and 
secondary x-rays which propagate at an angle to the normal on the detection surface. Further 
the read-circuits r^ain shielded from x-radiation when the x-ray beam is incident at an angle 
substantially different from 90** cm the detection surfrice. Also when a cone beam is employed 
having a wide opening angle, adequate shielding of the read-circuits of the detector unit is 
achieved. Notably, adequate shielding of the read-circuits is achieved for cone beams having 
a fan angle of about 50*" to 60° and a cone angle of 1° to 6** 

Preferably, the transverse absorption units are integrated in flie x-ray shielding 
member. Notably, this is achieved by arranging tiie transverse absorption units as protrusions 
which extend transversely to the detection surface from the x-ray shielding member between 
read-out circuits of adjacent detector units. Preferably, the common shielding member is 
provided with the transverse absorption members in the form of transverse protrusions. In 
this way the x-ray shielding member with the transverse absorption member is manufactured 
as a single integrated component for a large number of detection imits, or even for all 
detection units. Hence, the x-ray detector of the invention does not require an excessive 
number of additional components to provide the shielding member and the transverse 
absorption imits. 
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The x-ray detector of the invention is particularly suitable to be eiiq>Ioyed in 
an x-ray examination iq)paratus in which the x-ray detector receives an x-ray projection 
image from which it derives an image signal, such as an electronic videosignal. The x-ray 
detector of the invention is also particularly suitable to be employed in a computed- 
5 tomography system in which the x-ray detector forms attenuation profiles from incident x- 
radiation which has passed through the object to be examined from several orientations. From 
these attenuation profiles an image data set is reconstructed representing local densities in the 
object. The image data set may relate to one or several cross sections through the object, but 
the image data set may also pertain to a reconstructed volume of the object to be examined, 
10 In particular the x-ray detector when employed in a computed tomography system is 

preferably arranged as a two-dimrasional detector which can acquire attenuation profiles 
from several slices in the object simultaneously or which can acquire attenuation profiles 
from a cone shaped x-ray beam. 

15 

Figure 1 shows diagrammatically a computed-tomography system in which a 
radiation detector of the invention is used in the form of a multi-line detector 3 which is 
formed as a detector array. 

Figure 2 shows a schematic representation of a first raabodiment of the 
20 radiation detector according to the invention and 

Figure 3 shows a schematic representation of a second embodiment of the 
radiation detector according to the invmtion. 



25 Fig. 1 shows diagrammatically a coniputed-tomography system with a multi- 

line detector 3 which is formed as a detector array. The X-ray source 2 as well as the facing 
multi-line detector 3 are mounted in a circular portal fi-ame or gantry 1 . The X-ray source 2 
emits a cone-sh^ed X-ray beam 4 through the pati«it 5 and onto the multi-line detector 3. 
The patient 5 to be examined is transported through the rotating gantry 1 on a table 6. 

30 The detector array 3 is arranged at a distance r from the focus of the X-ray 

source 2. During a conqilete revolution of the gantry 1, the X-ray beam 4 irradiates the 
patient 5 in the gantry plane from different directions (p relative to the normal to form 
respective attenuation profiles which are received by the multi-line detector. A cross- 
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sectional image 7 of the patient in the inradiated zone is reconstructed on the basis of these 
attenuation profiles. 

The detector array 3 is composed of a plurality of detector units 10 which are 
arranged in a plurality of rows. These rows extend in parallel in the direction of the axis of 
5 rotation {z direction). The sh^e of the cone beam is described by its fan angle and its cone 
angle. The fan angle is the angle at the x-ray focus subtended between extreme x-rays in the 
plane of the gantry. A typical value for the fan angle is about 58*". The cone angle is the angle 
at the x-ray focus subtended between extreme x-rays in the plane perpendicular to the plane 
of the gantry and parallel to the z-axis. For a detector array having 20 rows of detector units, 

10 a typical value for the cone an^e is 2°. 

Figure 2 shows a schematic representation of a first embodiment of the 
radiation detector according to the invention. In particular Figure 2 concmis an x-ray 
detector with a plurality of detector elements 10 of which by way of example only four are 
shown. The direction firom which the x-rays are incident is shown by the vertical arrows. 

1 5 Lidividual detector elements 10 include a scintillator element 21 and a photosensor 22, for 
example a photodiode. Incident x-rays are converted by the scintillator element 21 into 
radiation of a lower energy, preferably having a wavelength in the range between SOOnm to 
SOOnm. e.g. green light for which the photosensor element 22 is sensitive. Suitable material 
for the scintillator elements are monocrji^talline or polycrystalline cadmium tungstate or 

20 gadolinium oxy-sufide. Notably, cadmium-tungstate has a good conversion yield of x- 
radiation into radiation of a lower energy having a wavel^igth of about 480nm.The 
photosensor elements form electric charges in response to the green light To read-out the 
electric charges, individual detector elements are provided with read-out circuits 20. These 
read-out circuits comprise a portion 23 that is particularly radiation sensitive. For example 

25 the radiation sensitive portions 23 of the detector units include amplifiers. The electric 
charges read-out by the read-out circuits are provided in the form of electric signals to a 
signal channel 41 which carries the signal to an image signal output (not shown). The read- 
out circuits are preferably employed in the form of CMOS chips. 

Between individual, notably adjacent detector units, x-ray shielding members 

30 11 are provided. Individual x-ray shielding members 1 1 conq>rise several segments. Main 
segments 1 1 1 are placed between adjacent photosensors and extend mainly along the 
propagation direction of the primary incident x-rays. These main segments 111 intercept 
scattered x-rays. Notably, x-ray scattering occurs by Compton scattering in the patient to be 
examined. These scattered x-rays do not carry useful image information, but would cause a 
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so-called veiling glare in the x-ray image. The sensor elements and the read-out circuits of 
the detector elements are separated 12 laterally so that a lateral segment 1 12 of the x-ray 
shielding members is accommodated in the lateral separation 12. The x-ray shielding 
member, more particularly flie lateral segments 1 12 are placed over flie radiation smsitive 
5 portions 23 of the read-out circuits 20 of the respective detector units 1 0. Hence, the lateral 
segments 1 12 of the x-ray shielding members 1 12 intercept or absorb x-rays and so avoid that 
these x-rays can reach the radiation sensitive portions 23. Accordingly, radiation damage to 
die read-out circuits 20, notably to the radiation sensitive portions 23 which include for 
example the amplifiera is avoided. 

10 The electric charges in the photosensors 22 are conveyed to flie read-out 

circuits 20 via feed-throu^ through the interruptions 24 that are left open between adjacent 
lateral segments 1 1 2 of the x-ray shielding members 1 1 . For example a simple wire 
connection can be used to convey the electric charges fix>m the photosmsors to the read-out 
circuits. The read-out circuits are designed in such a way that portions that are insrasitive to 

15 radiation, notably x-rays are placed directly imdemeath the interruptions 24. Especially, the 
radiation sensitive amplifiers are placed remote fi:om the interruptions and well below the 
lateral segments 1 12 of the x-ray shielding members 1 1. 

Further, the individual x-ray shielding members are provided with transverse 
absorption members 113 which separate adjacent read-out curcuits. These transverse 

20 absorption members 113 absorb x-rays, notably secondary x-rays and scattered x-rays. 
Hence, the read-out circuits 20 and especially their radiation sensitive portions 23 are 
protected from these secondary and scattered x-rays that propagate at an angle with respect to 
the direction of incidence of the primary x-rays. 

Additionally, the radividual x-ray shielding members are provided with an 

25 extra lateral shielding member 1 14 that serves as a base plate by which the x-ray shielding 
members are mounted on the signal chaimel 41. Further, the extra lateral shielding members 
1 14 provide additional protection for the signal channel 41, or any electronics on the 
backplane substrate of the detector or on flex-cables which coimect parts of the signal 
channel. Hence, the signal chaimel may be implemented in polycrystalline charge-transfer 

30 devices. 

The individual x-ray shielding members can be manufectured as integrated 
units comprising the respective segments. Suitable manufacturing technologies to construct 
the x-ray shielding members involve for example gluing, bendmg and welding. 
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The x-ray shielding member also absorbs the radiation of lower energy, e.g. 
green light, that is gaierated in the scintillator elements 21. Hence, it is avoided that green 
light from one detector element can reach the photosensor of a nei^bouring detector 
element. 

S Figure 3 shows a schematic representation of a second embodiment of the 

radiation detector according to the invention. The embodiment shown in Figure 3 is quite 
similar to the embodiment shown in Figure 2. The main distinction concerns that for the 
respective detector units, the photosensor, the read-out circuit and the feed-through are 
integrated in a semiconductor monoblock. 



